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Background of the Invention 



Liquid metal micro switches (LIMMS) have been made that use a liquid 
metal, such as mercury, gallium-bearing alloys or other liquid metal composites, 

10 as the switching fluid. The liquid metal may make, break or latch electrical 
contacts. To change the state of the switch, a force is applied to the switching 
fluid, which causes it to change form and move. Liquid metal switches rely on 
the cleanness of the liquid metal for good performance. If the liquid metal forms 
oxide films or other types of corrosion product buildup within the switch, the 

15 proper functioning or performance of the switch may degrade or be inhibited. 

For example, the oxide film or other corrosion products may increase the 
surface tension of the liquid metal, which may increase the energy required for 
the switch to change state over time. Films of oxide and other corrosion product 
20 may increase the tendency for the liquid metal to wet to the substrate between 
switch contacts, thereby increasing undesirable short circuits in the switching 
operation. Build up of oxide and other corrosion product may also degrade the 
ability of the liquid metal to wet to the switch contacts, and thereby may increase 
the probability of undesirable open circuits in the switching operation. 
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The build up of oxide and other corrosion products within the liquid metal 
switch may also alter the effective surface tension of the liquid metal with itself, 
causing the liquid metal to become stringy when moved or stretched, and thereby 
decreasing the tendency of the liquid metal to break cleanly between switch 
5 contacts and potentially causing short circuits and increasing the energy 
requirement for the switch to change state. 

These issues are especially problematic for switches that are physically 
small, as the actuator size and strength is proportionally decreased and the 

10 surface tension forces become relatively large. This is true particularly for 
switches that are actuated by changes in internal pressure, but also for switches 
that are actuated in other ways. It is desirable to have liquid metal that is as free 
of corrosion products as practically possible in order to minimize these effects. 
Keeping other surfaces within a switch free of corrosion products is also 

15 important for good functioning, such as the switch contacts and metallic sealing 
surfaces to which the liquid metal wets. 

It is desirable to have liquid metal that is as free of oxide and other 
corrosion products as practically possible in order to minimize the 
20 abovementioned negative effects. There is a need for a method to decrease or 
eliminate the build up of oxide or other corrosion products in liquid metal 
switches. 
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Summary of the Invention 

In one embodiment, a method for reducing oxides and other corrosion 
5 products on a switching fluid is disclosed. The method includes depositing a 
switching fluid on a first substrate. The first substrate is mated to a second 
substrate, the first substrate and the second substrate defining therebetween a 
cavity holding the switching fluid. The cavity is sized to allow movement of the 
switching fluid between first and second states. A gettering agent is deposited in 
10 the cavity and may prevent oxide and corrosion products from forming by 
reacting with free oxygen, water vapor, and other corrosive gases in the cavity. 
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A more complete appreciation of this invention, and many of the 
attendant advantages thereof, will be readily apparent as the same becomes 
5 better understood by reference to the following detailed description when 
considered in conjunction with the accompanying drawings in which like 
reference symbols indicate the same or similar components, wherein: 

FIG. 1 illustrates a plan view of a first exemplary embodiment of a fluid- 
10 based switch; 

FIG. 2 illustrates an elevation of the switch shown in FIG. 1; 

FIG. 3 illustrates an exemplary method that may be used to produce the 
15 fluid-based switch of FIGS. 1 and 2; (actually the steps should be to (305) 
deposit the gettering agent, (310) deposit switching fluid on first substrate, and 
(315) mate substrates together. 

FIG. 4 illustrates a perspective view of an exemplary embodiment of a 
20 switch including an oxide or corrosion inhibitor in a fluid based switch; and 

FIG. 5 illustrates a perspective view of another exemplary embodiment of 
a switch including an oxide or corrosion inhibitor in a fluid based switch. 
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Detailed Description 

FIGS. 1 and 2 illustrate a fluid-based switch such as a LIMMS. The switch 
5 100 includes a switching fluid cavity 104, a pair of actuating fluid cavities 102, 
106, and a pair of cavities 108, 110 that connect corresponding ones of the 
actuating fluid cavities 102, 106 to the switching fluid cavity 104. It is envisioned 
that more or fewer channels may be formed in the switch. For example, the pair 
of actuating fluid cavities 102, 106 and pair of connecting cavities 108, 110 may 
10 be replaced by a single actuating fluid cavity and single connecting cavity. 

As illustrated by FIG. 3, the switch 100 may be produced by 305 
depositing a gettering agent 122 in the cavity holding the switching fluid 118. 
The gettering agent 122 may be a chemical gettering agent selected to prevent 

15 corrosion products from forming within the cavity by reacting with free oxygen, 
water vapor and other corrosive gases. For example, if the liquid metal switching 
fluid 118 is mercury, it is possible to use an aluminum gettering agent packed 
inside the cavity, so that the aluminum will react with the corrosive gases to form 
nonvolatile aluminum salts, such as oxides or fluorides. Other gettering agents 

20 are anticipated, such as, magnesium or titanium. The aluminum may be 
deposited 305 on a heater 120 so it can be heated after assembly to increase the 
reaction rate with the corrosive gases and do a better job of neutralizing their 
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effects on the switches performance. The gettering agent 122 may be heated 
periodically or continuously during operation to enhance the gettering action. 

A switching fluid 118 is deposited 310 on a plurality of contacts 112-116 
5 on a first substrate 103. In one embodiment, the switching fluid may be a liquid 
metal, such as mercury or alloys that contain gallium. As will be described in 
further detail below, the switching fluid 118 may be used to make and break 
contact between the contacts 112, 114, 116. In an alternate embodiment, the 
switching fluid may be deposited on a plurality of wettable pads and may be used 
10 to open and block light paths. Although the switch illustrated in FIG. 1 includes 
three contacts, it should be appreciated that alternate embodiments may have a 
different number of contacts. The cavity is sized to allow movement of the 
switching fluid 118 between first and second states. 

15 

Next, the first substrate 103 is mated 315 to a second substrate 101 so 
that a cavity holding the switching fluid 118 is defined between the two 
substrates. The mating step may be accomplished by any known means, such 
as lamination using adhesives or wafer to wafer bonding using the Ziptronics 
20 assembly method. It will be appreciated that these steps may be done in a 
different order, for example, the switching fluid may be deposited before the 
gettering agent. There are also different methods of manufacturing a switch that 
are also contemplated within this invention. 
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The functioning of a switch according to one embodiment can be 
explained with reference to FIG. 4. The switch 400 comprises a first substrate 
402 and a second substrate 404 mated together. The substrates 402 and 404 
5 define between them a number of cavities 406, 408, and 410. Exposed within 
one or more of the cavities are a plurality of electrodes 412, 414, 416. A 
switching fluid 418 (e.g., a conductive liquid metal such as mercury) held within 
one or more of the cavities serves to open and close at least a pair of the plurality 
of electrodes 412-416 in response to forces that are applied to the switching fluid 
10 418. An actuating fluid 420 (e.g., an inert gas or liquid) held within one or more 
of the cavities serves to apply the forces to the switching fluid 418. 

In one embodiment of the switch 400, the forces applied to the switching 
fluid 418 result from pressure changes in the actuating fluid 420. The pressure 

15 changes in the actuating fluid 420 impart pressure changes to the switching fluid 
418, and thereby cause the switching fluid 418 to change form, move, part, etc. 
In FIG. 4, the pressure of the actuating fluid 420 held in cavity 406 applies a force 
to part the switching fluid 418 as illustrated. In this state, the rightmost pair of 
electrodes 414, 416 of the switch 400 are coupled to one another. If the 

20 pressure of the actuating fluid 420 held in cavity 406 is relieved, and the pressure 
of the actuating fluid 420 held in cavity 410 is increased, the switching fluid 418 
can be forced to part and merge so that electrodes 414 and 416 are decoupled 
and electrodes 412 and 414 are coupled. 
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By way of example, pressure changes in the actuating fluid 420 may be 
achieved by means of heating the actuating fluid 420, or by means of 
piezoelectric pumping. The former is described in U.S. Patent #6,323,447 of 
5 Kondoh et al. entitled "Electrical Contact Breaker Switch, Integrated Electrical 
Contact Breaker Switch, and Electrical Contact Switching Method", which is 
hereby incorporated by reference for all that it discloses. The latter is described 
in U.S. Patent Application Serial No. 10/137,691 of Marvin Glenn Wong filed May 
2, 2002 and entitled "A Piezoelectrically Actuated Liquid Metal Switch", which is 

10 also incorporated by reference for all that it discloses. Although the above 
referenced patent and patent application disclose the movement of a switching 
fluid by means of dual push/pull actuating fluid cavities, a single push/pull 
actuating fluid cavity might suffice if significant enough push/pull pressure 
changes could be imparted to a switching fluid from such a cavity. Additional 

15 details concerning the construction and operation of a switch such as that which 
is illustrated in FIG. 4 may be found in the afore-mentioned patent of Kondoh. 

Switch 400 further includes gettering agent 422 within the cavity 408. The 
gettering agent 422 may comprise aluminum or magnesium, or titanium and may 
20 be deposited on a heater element. Gettering agent 422 may help prevent 
corrosion products from forming in the cavity 408 by reacting with free oxygen, 
water vapor and other corrosive gases to form nonvolatile aluminum oxide, 
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magnesium oxide, titanium dioxide, or salts of aluminum, magnesium, titanium 
and the corrosive gases, e.g. aluminum chloride from aluminum and chlorine. 

A second exemplary embodiment of the functioning of a switch 500 will 
5 now be described with reference to FIG. 5. The switch 500 comprises a 
substrate 502 and a second substrate 504 mated together. The substrates 502 
and 504 define between them a number of cavities 506, 508, 510. Exposed 
within one or more of the cavities are a plurality of wettable pads 512-516. A 
switching fluid 518 (e.g., a liquid metal such as mercury) is wettable to the pads 
10 512-516 and is held within one or more of the cavities. The switching fluid 518 
serves to open and block light paths 522/524, 526/528 through one or more of 
the cavities, in response to forces that are applied to the switching fluid 518. 

By way of example, the light paths may be defined by waveguides 522- 
15 528 that are aligned with translucent windows in the cavity 508 holding the 
switching fluid. Blocking of the light paths 522/524, 526/528 may be achieved by 
virtue of the switching fluid 518 being opaque. An actuating fluid 520 (e.g., an 
inert gas or liquid) held within one or more of the cavities serves to apply the 
forces to the switching fluid 518. 

20 

Switch 500 may additionally include gettering agent 522 deposited in 
cavity 508. Gettering agent 522 may be deposited on a heater to enable the 
gettering agent 522 to react with free oxygen, water vapor and other corrosive 
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gases to form nonvolatile aluminum oxide, magnesium oxide, titanium dioxide, or 
salts of aluminum, magnesium, titanium and the corrosive gases, e.g. aluminum 
chloride from aluminum and chlorine. The gettering agent 522 should be 
situated in the cavity 508 or on the heaters in 506 and 510 so as not to interfere 
5 with the light paths 522/524, 526/528 or the switching of the liquid fluid. 

Additional details concerning the construction and operation of a switch 
such as that which is illustrated in FIG. 5 may be found in the aforementioned 
patent of Kondoh et al., and patent application of Marvin Wong. 

10 

While illustrative and presently preferred embodiments of the invention 
have been described in detail herein, it is to be understood that the inventive 
concepts may be otherwise variously embodied and employed. For example, 
more than one gettering agent may deposited at different locations within the 
15 cavity or cavities of the fluid switch. The appended claims are intended to be 
construed to include such variations, except as limited by the prior art. 
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